Abstract: To investigate postglacial environmental changes in both the coastal and interior wet belts of British Columbia, fossil midges were analysed from two subalpine lakes, one adjacent to the lower Fraser canyon (Frozen Lake), and the other in Mount Revelstoke National Park (Eagle Lake). The midge stratigraphy for Frozen Lake revealed an abundance of rheophilous chironomid taxa and Simuliidae larvae, reflecting the presence of an inflowing stream. An abundance of Chaoborus mandibles and Microtendipes during the early Holocene (c. 10100-7700 'C years BP, c. 11500-8500 cal. years BP) suggests warmer temperatures. A subsequent decline in the warm indicators and relative increases in cold stenotherms (Heterotrissocladius and Diamesa) indicate cooling until present day. This climate reconstruction is consistent with other quantitative and qualitative evidence for past climatic change in southern British Columbia. At Eagle Lake the warm indicators, Dicrotendipes and Polypedilum, are seen in the early Holocene (c. 8500-6730 1-C years BP, c. 9600-7600 cal. years BP), but are absent during the mid-Holocene when cooler temperatures probably prevailed. In the late Holocene (c. 3800 'dC years BP to present, c. 4200 cal. years BP to present) there is a resurgence of warm indicators, which contrasts with the evidence of continued cooling typically seen in reconstructions of southern British Columbia summer temperatures. The Eagle Lake record therefore appears to be anomalous. Multiproxy and multisite investigations are needed to reconstruct Holocene climatic changes more reliably.
Introduction
Palaeoecological techniques are powerful tools for reconstructing past environments, and can provide long and detailed records of past climatic changes. They thus provide a window on natural climatic variations and on the role of climate in shaping terrestrial ecosystems (Mathewes, 1985; Hebda, 1995; Walker and Pellatt, 2001; 2004) . Chironomids (Order Diptera) have become important for palaeoclimatic studies because distinctive assemblages of midges are good indicators of present and past environmental con-*Author for correspondence. Present address: Biology Department, Langara College, 100 West 49th Avenue, Vancouver, BC, Canada V5Y 2Z6 (e-mail: smrosenb@sfu.ca) Arnold 2004 ditions (e.g., Walker, 1987; Hofmann, 1988; Walker and Mathewes, 1989; Lotter et al., 1997) . Midge assemblages have been used to reconstruct hypolimnetic oxygen content (Quinlan et al., 1998) , acidity (Brodin and Gransberg, 1993; Schnell and Willassen, 1996) , salinity Heinrichs et al., 1997) , trophic status Little et al., 2000; Brooks et al., 2001 ) and, as is the focus of this paper, temperature (Walker and Walker, 1991; Lotter et al., 1999; Walker et al., 1997; Olander et al., 1999) .
Several studies have used fossil midges to reconstruct past climatic oscillations (i.e., the Killarney and Younger Dryas events) in Atlantic Canada (i.e., Walker et al., 1991 a; 199 lb; Levesque et al., 1993a; 1993b; Wilson et al., 1993; Cwynar and Levesque, 1995) . In southern British Columbia, however, palaeoclimato-logists have until recently relied almost entirely on palaeobotanical studies to obtain palaeoclimate records (e.g., Hansen, 1955; Alley, 1976; Hazell, 1979; Mathewes and Heusser, 1981; Cawker, 1983; Mathewes, 1985; Wainman and Mathewes, 1987; Reasoner and Hickman, 1989; Mathewes and King, 1989; Hebda, 1995; Pellatt et al., 1998; 2000; 2001; Allen et al., 1999; Heinrichs et al., 1999; Hallett and Walker, 2000; Bennett et al., 2001) . Relatively few midge studies (Walker and Mathewes, 1987; Heinrichs et al., 1997; Smith, 1997; Palmer et al., 2002; Ruck et al., 1998; Smith et al., 1998) have been carried out in British Columbia. Since midges have short life cycles, they potentially respond more quickly to climatic changes than vegetation (especially forest trees) and therefore are probably more sensitive indicators of past climatic change than pollen, spores or plant macrofossils (Palmer, 1998) . Battarbee (2000) recently concluded that midges are the most promising biological indicators of past climatic changes.
Although midges have proven to be useful indicators of lateglacial climatic changes, they have been used less often for quantitative Holocene climate reconstructions. The statistical errors associated with midge-palaeotemperatur inference models suggest that midges may be less well suited for the reconstruction of subtle, Holocene climatic changes Heiri et al., 2003; Battarbee et al., 2002) . To maximize the climate signal-tonoise ratio, study sites little affected by non-climatic impacts should be selected for midge analyses (Battarbee et al., 2002) . Thus, for Holocene temperature reconstructions, we select small, shallow lakes near treeline, and avoid saline lakes, eutrophic lakes, lakes with unusually low pH and lakes which have had much human impact. In this paper we use midge fossils to examine postglacial environmental changes at two subalpine lakes in British Columbia, one in the southern Coast Mountains and the second in Mt Revelstoke National Park. We also critically assess their potential for reconstructing Holocene climate trends.
Study area
For the purposes of Holocene climate reconstruction, two small subalpine lakes were chosen because treeline environments are known to be sites of high climate sensitivity (Luckman and Kearney, 1986; Clague and Mathewes, 1989; Walker and MacDonald, 1995; Pellatt and Mathewes, 1997; Pellatt et al., 1998; 2000; Battarbee, 2000) . Lower Frozen Lake (49°36'N, 121°28'W) is a small subalpine lake located in British Columbia's Coast Mountains, on the slopes of the lower Fraser Canyon (Figure 1 ). At 1180 m a.s.l., the lake occupies a basin in the forested subzone of the cool and moist Mountain Hemlock biogeoclimatic zone. The dominant trees in this zone are mountain hemlock (Tsuga mertensiana (Bong.) Carr.), Pacific silver fir (Abies amabilis Dougl.) and yellow cedar (Chamaecyparis nootkatensis D. Don) (Brooke et al., 1970) . Frozen Lake is approximately 3 ha in area with a maximum depth of 17 m and a bedrock sill controlling the outlet. A small stream flows from Upper Frozen Lake through an open meadow to the lower lake (Hallett et al., 2003) . This inlet delivers a large volume of water to the lake during spring and summer melt.
Snow in the Mountain Hemlock zone begins to accumulate in October and deep snowpacks can persist until July. The late winter snowpack may be up to 3 m thick (Brooke et al., 1970; Hallett et al., 2003) . Climate data at nearby Hell's Gate (49°47'N, 121°27'W, elevation 122 m) indicates a mean annual temperature of 9.4°C and a mean annual precipitation of 1229 mm yr-' (Environment Canada, 1993 (Environment Canada, 1993) . The mean annual temperature at Revelstoke is 6.7°C. Eagle Lake, however, is located at 1845 m a.s.l., well above the Revelstoke climate station; thus, the study site is correspondingly cooler and wetter. Assuming an environmental lapse rate of 0.6°C/100 m, the estimated mean annual temperature at Eagle Lake is -1.7°C. Mean July air temperature is estimated at 9.8°C. A temperature record is also available for most of the past decade from a BC Hydro climate station located on Mount Revelstoke (51°2'N', 1 18°8'W, 1830 m a.s.l.; BC Hydro, personal communication). The record is much shorter than that used in calculating climate normals, but indicates a mean July air temperature of I 1.1°C. According to Coupe et al. (1991) , up to 2200 mm of annual precipitation might be expected at Eagle Lake with 50-70% as snow, leading to a maximum snowpack of nearly 4 m. At this elevation, the snowpack may persist from midOctober through to mid-July. In 1999, an exceptionally wet year, extensive snow patches were still evident at Eagle Lake in midAugust (Rosenberg et al., 2003) .
Eagle Lake has a maximum depth of 1.5 m, an area of 0.3 ha and is located 1845 m a.s.l. (Donald and Alger, 1984) . The lower elevations of Mount Revelstoke support forests of western hemlock (Tsuga heterophylla (Raf.) Sarg.) and western red cedar (Thuja plicata Donn), but vegetation at Eagle Lake represents a higher-elevation community and is classified as the ESSFvc (very wet cold Engelmann Spruce-Subalpine Fir) biogeoclimatic subzone (Coupe et al., 1991) . The climax trees of this region include Engelmann spruce (Picea engelmannii Parry) and subalpine fir (Abies lasiocarpa (Hook.) Nutt.), with a small component of mountain hemlock (Tsuga mertensiana (Bong.) Carr). Eagle Lake lies near the transition from continuous forest to subalpine parkland. Many small openings are present among the trees surrounding the site.
Methods

Field and laboratory methods
In 1997, a 300 cm core from the deepest part (17 m) of Frozen Lake was obtained using a lightweight percussion corer (Reasoner, 1993 (Hallett et al., 2003) . For midge analysis the core was subsampled every 5 cm from 240 to 0 cm, to give 49 sediment subsamples of 2 cm3. The intervals from 320-240 cm had substantially lower than 50 chironomid head capsules and were sometimes barren (Table 1) . These samples are considered too small to be statistically useful (Palmer, 1998; Heiri and Lotter, 2001; Larocque, 2001; Quinlan and Smol, 2001) .
A 110 cm core was removed from the deepest part of Eagle Lake on 9 August 1999 in 1.5 m of water. A modified KajakBrinkhurst surface corer, equipped with a Glew trigger mechanism (Glew, 1989) , was used to capture the uppermost 16 cm of the core. The sediment below 16 cm was collected using a 5 cm (Wright, 1967 Dipteran remains were identified at X 100-400 magnification using an Olympus BH-2 compound microscope. Identifications were based on descriptions and keys by Oliver and Roussel (1983) , Wiederholm (1983) , Walker (1988) , Uutala (1990) , an extensive photograph (i.e., reference) collection and the WWW field guide to subfossil midges (Walker, 1996 . If the head capsules retained more than half of a complete mentum, they were counted as one head capsule. If they had exactly half of a mentum, they were counted as one half. Head capsules retaining less than half of the mentum were not counted.
Statistical analysis
TILIA version 2.0.b.4 (Grimm, 1993) was used to collate the raw data and generate a midge percentage diagram in TILIA-GRAPH version 2.0.b.5 (Grimm, 1991) . The program CONISS was used to perform a stratigraphically constrained incremental sum-ofsquares cluster analysis (Grimm, 1987) . This allowed intervals with major changes in midge communities to be recognized throughout the cores. The significance of the zones was assessed following the broken-stick procedure outlined by Bennett (1996; 2002) and implemented in the computer program PSIMPOLL version 4.10. As suggested by Bennett, we designated significant boundaries as separating zones.
A midge-temperature weighted averaging inference model, based on surface sample data from 51 British Columbia lakes, was developed by Palmer et al. (2002) . In addition to Chironomidae, Chaoborus were used in the model, and in other statistical analyses. Ceratopogonidae and Simuliidae were too rare to be included. To infer mean July air temperatures at our study sites, we used a slightly modified version of this model incorporating higher taxonomic resolution. Although midges probably respond more closely to changes in water temperature, we reconstructed air temperature because water-temperature data were not available. Air temperatures are strongly correlated with lake surface-water temperature and are of greater interest to palaeoclimatologiststhan water temperatures (Livingstone and Lotter, 1998 ).
This modified model was developed using CALIBRATE version 0.70 (Juggins, 1997) and WA-PLS version 1.1 (Juggins and ter Braak, 1996) . The model revealed a significant relationship between mean July air temperatures and midge assemblages, with a jack-knifed r2 of 0.73 and a jack-knifed root mean squared error of prediction (RMSEP) of 1 .87°C. As a further assessment of the potential usefulness of this model, we performed a partial constrained CCA of the square-root transformed midge data, with the first axis constrained to represent mean July air temperature. All other axes were unconstrained. The resulting eigenvalues for the first (XI) and second (X2) axes are 0.303 and 0.282, respectively, yielding X11X2 of 1.07. This high ratio for the first and second eigenvalues suggests that temperature explains a high proportion of the variance in the species data and lends confidence to the temperature inference model.
Using the squared chord distance as a dissimilarity coefficient, we used the computer program ANALOG (H.J.B. Birks and J.M.
Line, unpublished software) to determine if adequate analogues existed in our surface sample data for each interval in the core (Overpeck etal., 1985; Laing et al., 1999) . Those core intervals exceeding the 95% confidence interval were assumed to have no analogues, whereas those samples lying between the 75 and 95% confidence intervals were considered to have poor analogues. Samples within the 75% confidence interval were considered to have good analogues in the surface sample training set (Laing etal., 1999) .
To further assess the temperature reconstructions, correspondence analyses (CA) were performed on the fossil data. The strength of the correlation between the CA axis 1 sample scores and the inferred temperature values indicates to what extent the principal changes in midge community structure can be explained by the temperature inferences (Laird et al., 1998) .
Results
Frozen Lake: chronology and stratigraphy CALIB 4.3 (Stuiver et al., 1998) was used to convert radiocarbon ('4C) ages to calibrated years. Extensive AMS radiocarbon dating of plant macrofossils provides the chronology for the Frozen Lake core (Table 2) . A basal date of 10020 ± 50 "'C years BP (c. 11500 cal. years BP) indicates that the midge samples span the Holocene. Three ash layers were also found in Frozen Lake ( Table 2 ). The lowermost tephra (163-155 cm) was identified as Mt Mazama ash (6730 ± 40 "'C years BP, c. 7600 cal. years BP; Hallett etal., 1997) . The second tephra (127 cm) was found by sieving (Hallett etal., 2001) Fifty-one chironomid taxa were identified from the Frozen Lake sediments. The computer programs CONISS (Grimm, 1987) and PSIMPOLL (Bennett, 2002) indicated two significant zones in the Frozen Lake core (Table 3 ).
Midge assemblaqe zone 1 (FRal, (Figure 4) . In FRO-1, inferred mean July air temperature appears to gradually decrease with a maximum inferred temperature of 15.6 + 2.1°C at 235 cm and a minimum inferred temperature of 13.1 + 2.0 at 170 cm. Reconstructed temperatures remain cool, ranging from 11.6 ± 2.0 to 14.2 + 2.0°C, in the second zone. Although good analogues are available for most of the FRO-1 midge assemblages, only poor analogues are available for most of the FRO-2 midge communities ( Figure 5) Mullineaux, 1986) .
Twenty-eight chironomid taxa were identified from the Eagle Lake core (Figure 6 ). Five distinct midge assemblage zones are identified in this core by CONISS (Table 5 ). All zone boundaries are significant as assessed in PSIMPOLL (Bennett, 2002) . We ignored a sixth significant zone boundary separating the sample above 1.5 cm from the sample immediately below, because we did not feel it useful to include two zones consisting of one sample each.
Midge assemblage zone 1 (EAG-1, 110 cm -Mazama ash, c. 8500-6730 C years BP, c. 9600-7600 cal. years BP)
The basal sediments of the Eagle Lake core are dominated by Dicrotendipes, Polypedilum and Tanytarsina (Figure 6 ). The Chironomini are more abundant in zone EAG-1 than elsewhere in the core. Other common taxa, including Procladius, Psectrocladius and Chaoborus trivittatus, are found throughout the zone. Some of the rarer taxa in zone EAG-1 include Sergentia, Corynoneura & Thienemanniella, Limnophyes, Acari and Ceratopogonidae (Bezzia type).
Midge assembqlae zone 2 (EAG-2, Mazama ash -47 cm, c. 6730-3800 C years BP, c. 7600-4200 cal. years BP) There is a large increase in Tanytarsina and a pronounced decrease in the Chironomini in EAG-2. Tanytarsina and Dicrotendipes are the dominant taxa. Polypedilum is also common in this zone but its abundance fluctuates greatly with two distinct peaks at 75 and 65 cm. The maximum of Microtendipes and first appearance of Endochironomus and Tribelos also occur.
Cold-stenothermous taxa (e.g., Sergentia, Stictochironomus and Heterotrissocladius are rare in the Eagle Lake core, but are more 
Temperature inferences and analogue comparisons
The temperature reconstruction for Eagle Lake reveals substantial fluctuations in Holocene air temperature ranging from 11.6 ± 2.0 to 16.6 + 2.2°C ( Figure 7 ). In EAG-1, inferred mean July air temperatures range from 13.7 ± 2.0 to 16.6 ± 2.2°C. In the second zone, EAG-2, the inferred temperatures are mostly cooler, ranging from 11.6 ± 2.0 to 14.6 ± 2.1°C (the high temperature of 15.4 ± 2.1°C is excluded from this zone as it corresponds with a poor analogue, Figure 8 ). Higher temperatures are inferred for EAG-3, 4 and 5 ranging between 14.4 ± 2.2 and 16.2 ± 2.20C. Overall, the reconstructed values suggest little temperature difference between the early and late Holocene, but indicate a prolonged cool interval in the mid-Holocene. Further analysis ( Figure  8 ) reveals that the surface sample training set contained good analogues for most mid-Holocene assemblages. The available analogues for the early-and late-Holocene assemblages are typically poor. A very strong correlation (r = 0.99, p < 0.01) is evident between the CA axis 1 sample scores and the inferred Eagle Lake temperatures.
Discussion
Earlier palaeoecological studies led to the recognition of three main Holocene (10000 "4C years BP to present, c. 11500 cal.
years BP to present) climate phases in southern British Columbia. The early-Holocene phase from 10000 to 7000 "'C years BP (c. 11500-7800 cal. years BP), often called the xerothermic period, is considered to have been warmer with less precipitation than present (Mathewes and Heusser, 1981) . The second phase from 7000 to 3500 "'C years BP (c. 7800-3800 cal. years BP) is thought to have been a period of climatic transition, and in southern British Columbia has been called the mesothermic period (Hebda, 1995) . This transitional period begins with warm, moist conditions and ends with cool, moist conditions (Mathewes, 1985) . This cooling marks the beginning of the Neoglacial interval, a period of renewed glacial activity, which is believed to continue through the third phase, from 3500 "'C years BP to present (c. 3800 cal. years BP to present). According to Pellatt and Mathewes (1997) , this Neoglacial cooling allowed for the establishment of modern subalpine conditions. This last phase is characterized by cool temperatures, maximum precipitation and includes the Tiedemann and 'Little Ice Age' (LIA) glacial advances (Clague and Mathewes, 1996; Ryder and Thomson, 1986) .
Frozen Lake The Frozen Lake core is characterized by very diverse midge assemblages, including many rheophilous taxa (e.g., Brillia & Euryhapsis, Corynoneura & Thienemanniella, Eukiefferiella & Tvetenia, Limnophyes and Rheocricotopus). These taxa are typical inhabitants of streams (Oliver and Roussel, 1983; Wiederholm, 1983; Walker, 1988; Ruck et al., 1998) . Rheophilous taxa are also abundant in the sediments of Marion and Tugulnuit Lakes in British Columbia (Walker and Mathewes, 1987; Ruck et al., 1998) . This abundance of rheophilous midges reflects substantial stream inflow. This inference is further supported by the fragmentary record of larval Simuliidae (black flies). Simuliid remains were consistently present in low numbers throughout the length of the Frozen Lake core and are considered good indicators of flowing water (Ruck etal., 1998; . Although Tanytarsina dominated in FRO-1, the great abundance of Chaoborus mandibles, accompanied by Microtendipes and other temperate taxa, suggests warm early-Holocene temperatures (Figure 3 ; Walker et al., 1997) , as reflected in the midgeinferred mean July air temperatures ranging from 13.1 ± 2.0 to 15.6 ± 2.1°C (Figure 4) . A comparison with other midge-inferred mean July air-temperature records from southern British Columbia indicates that the Frozen Lake temperatures are typical for early-Holocene treeline sites (Figure 9a ; Palmer et al., 2002; Pellatt et al., 2000) . The inferred mean July air temperature decreases somewhat through zone FRO-1. This trend continues through zone FRO-2. Mathewes and Heusser (1981) suggested that a period of higher precipitation and cooler temperatures began before the eruption of Mt Mazama, also recorded by Palmer et al. (2002) and Smith et al. (1998) . The interval following the Mazama eruption is often called the mesothermic interval, a period of decreasing temperature and increased moisture (Hebda, 1995) . Although this midHolocene cooling appears to persist longer at other subalpine sites (e.g., Cabin Lake and 3M Pond; Pellatt et al., 2000) , the overall trend at Frozen Lake is similar.
Similarly, the late Holocene is considered a time of cooling, with Neoglacial advances in the Coast, Cascade and Rocky Mountains. It is recorded as a cooling in the midge records of Cabin Lake, 3M Pond Pellatt et al., 2000) , Lake-ofthe-Woods and North Crater Lake (Figure 9a ; Palmer et al., 2002) . Higher-resolution sampling would be needed to resolve LIA events such as those described by Luckman and Kearney (1986) and Clague and Mathewes (1996) .
Although a decreasing inferred mean July temperature trend is evident in the midge reconstruction, and fits well with diverse other sources of palaeoclimate data, the sample specific errors for the samples all overlap, indicating that higher-resolution details of this reconstruction are not statistically significant. This is not surprising given the errors associated with individual temperature inferences Lotter et al., 1999) , and prior evidence that Holocene temperature changes were of a much smaller magnitude than those recorded in longer Quaternary sections. Consequently, reliable midge-based temperature reconstructions for the Holocene will need to be calculated by averaging the results from several sites. The average or 'consensus' temperature record will likely provide a more reliable indication of the true pattern of Holocene climatic changes.
Eagle Lake
Eagle Lake sediments included approximately half the number of taxa found at Frozen Lake. Midge-inferred mean July air temperatures for Eagle Lake have a larger range than those calculated for Frozen Lake (Figure 7 ).
In the early-Holocene (EAG-1) or 'xerothermic' period, warm summer air temperatures are inferred, ranging from 13.7 + 2.0-16.6 + 2.2°C. A cooler climate is inferred for the mid-Holocene, or 'mesothermic' period, but the inferred return to warm conditions at the core top directly contradicts the cooler temperatures ordinarily inferred for the late Holocene.
In British Columbia, a late-Holocene warming is only weakly evident in the temperature reconstruction of Mathewes and Heusser (1981) , based on pollen results from Marion Lake in the southern Coast Mountains. The inferred warming at Marion Lake is small. Evidence for such warming is contrary to the bulk of palaeoenvironmental data from southern British Columbia, including numerous pollen records, and Mathewes' (1973) own subjective interpretation of Marion Lake's pollen. Bennett et al. (2001) note that palaeoclimate records from British Columbia do not provide an entirely coherent picture of late-Holocene climatic change. They suggest that a variety of factors, including the complex topography of British Columbia and local variations in climatic change, may account for discrepancies among records. These discrepancies, however, are much more evident in precipitation and salinity inferences than in palaeotemperature records (Heinrichs et al., 2001) . Figure 9a shows that the Eagle Lake reconstruction does not fit the typical midge-inferred temperature profile as obtained from other subalpine lakes in southern British Columbia (Palmer et al., 2002) . The late-Holocene reconstructedtemperature anomalies are much warmer than those inferred at other sites, and much warmer than current temperatures at Eagle Lake. We also note that the butions and diversity may include dispersal ability and changes in water chemistry, benthic substrates and predators (Hoffman et al., 1996 ). Hoffman et al. (1996 noted that the number of invertebrate taxa decreases across the transition from forest to alpine lake ecosystems. Changes in substrate, which can affect organism abundance and diversity, also tend to change with elevation from more organic substrates at lower elevations (forest/subalpine lakes) to more inorganic substrates at higher elevations (alpine lakes). Declining lake depth can also influence water temperature and nutrient cycling. Eagle Lake water depth has been known to fluctuate up to 1.0 m (Donald and Alger, 1984) . We could be seeing a response of midge assemblages to variables other than simply temperature changes Walker et al., 1997 This reconstruction provides independent confirmation of the early-Holocene warmth qualitatively inferred from palaeobotanical evidence (Mathewes, 1985; Hebda, 1995 The average palaeotemperature reconstruction, with or without the Eagle Lake results, generally parallels the qualitative inferences derived from palaeobotanical data (Figure 9b ; Mathewes, 1985; Barnosky et al., 1987; Vance, 1987; Hebda, 1995; Walker and Pellatt, 2001; 2004) . Our reconstruction clearly reveals the rapidity of the warming at the Pleistocene/Holocene boundary, c. 9600 cal. years BC (C. 10000 14C years BP). In contrast, the mid-Holocene cooling is indicated as a very gradual transition from xerothermic warmth to current summer temperatures. Consequently, the upper and lower bounds of the 'Mesothermic' are not easily defined. Nevertheless, the term 'Mesothermic' is useful in reference to this slow transition between the warm 'Xerothermic' (prior to c. 6000 to 7000 cal. years BC; c. 7000 to 8000 "4C years BP) and cool 'Neoglacial' (after c. 2500 cal. years BC; c. 4000 14C years BP) intervals in British Columbia.
The rapid warming at the end of the Pleistocene is well documented throughout the Northern Hemisphere. Locally, the Cordilleran ice sheet was rapidly disintegrating, causing an abrupt decrease in surface albedo. This change in albedo would have markedly reinforced the shift from glacial temperatures to a warm Holocene climate. We also note that the maximum Holocene temperatures coincide with the summer solar insolation maximum c. 8000 BC (c. 8800 l4C years BP; Berger and Loutre, 1991) . The cooling trend through the midHolocene parallels a decline in summer solar insolation (Barnosky etal., 1987; Vance, 1987; Thompson etal., 1993) . We concur with Kutzbach et al. (1993) 
